ARTICLE
Introduction
Epithelial-to-mesenchymal transition (EMT) is an essential process involved in multiple biological tasks such as tissue repair, wound healing and embryonic development. During EMT, epithelial cells lose their intercellular adhesion and apical-basal polarization, leading to an increase in their migratory and invasive properties 1, 2 . In cancer cells, this transition to a mesenchymal phenotype has been shown to be involved in tumour invasion and metastasis 3, 4 . EMT is characterized by the loss of epithelial markers such as membrane E-cadherin and -catenin and the up-regulation of the transcription factors Snail, Twist, Slug and ZEB1 as well as mesenchymal markers such as vimentin and fibronectin 5 .
Many cytokines and growth factors such as transforming growth factor beta (TGF), IL-6 and tumour necrosis factor alpha (TNF) can induce EMT 6 . TNF is a pro-inflammatory cytokine, involved in the regulation of multiple physiological and pathological processes including inflammation, immunity, cell proliferation and apoptosis. Increased TNF expression levels have been associated with an increased grade malignancy and metastasis in prostate cancer 7 . This cytokine has been shown to induce EMT through activation of nuclear factor kappa beta (NF-B), a transcription factor involved in cancer initiation and progression 8 .
Lipids are a very diverse group of compounds with crucial roles in living organisms. Among their multiple biological functions, they contribute to cell compartmentalization, energy storage and production, cell signalling, protein trafficking, and membrane organization. Despite the importance of lipids in cell homeostasis, little is known about the lipid composition of cells during EMT. Lipidomics is a branch of metabolomics consisting in the large-scale study of cellular lipids and their interaction with other lipids, proteins and metabolites 9 . It includes the comprehensive analysis of lipid species within a biological sample and the analysis of alterations in lipid content and composition after cell perturbation or pathogenesis 10 . These studies have been proved to be useful in the study of the mechanism of many diseases, as well as in the finding of specific disease biomarkers [11] [12] [13] . Two different 
Results

TNFα induces EMT in DU145 cells
First of all, EMT induction was confirmed under TNFα exposure in DU145 prostate cancer cells. EMT was assessed by flow cytometry on cells exposed to TNFα (20 ng/ml) for 24 hours, using a specific antibody against E-cadherin, a characteristic epithelial cell marker. The results showed a reduction of the fluorescence associated to membrane E-cadherin (Fig. S1 ),
indicating that the reported conditions induced EMT in DU145 cells.
Immunofluorescence images taken after 6 and 24 hours of TNFα treatment confirmed the loss of E-cadherin in cell membrane (Fig. 1a) . Interestingly, 6 hours were sufficient to observe a decrease of E-cadherin green fluorescence. Also, formation of pseudopodia was found in plasma membranes after 6 hours of TNFα exposure. Pseudopodia are projections of cell membranes that involve changes in the cytoskeleton dynamics. Their formation has long been associated with tumour cell migration and invasion 14 , and recently, to the acquisition of a motile and migratory phenotype in EMT 15 .
According to this, qRT-PCR analysis further corroborated the EMT induction at early exposure times. As represented in Fig. 1b, TNFα significantly induced the down-regulation of Ecadherin at 5 and 6 hours. In addition, mRNA levels of the mesenchymal markers Vimentin and Snail increased significantly at 6 hours.
These observations suggested that changes leading to EMT under TNFα treatment occurred at early incubation times.
According to this, the subsequent lipidomic study was performed at different exposure times below 6 hours.
Lipidomic study of EMT
The lipidomic study was performed on cell cultures exposed to TNFα for 0, 3, 4, 5 and 6 hours (3 samples/each). Every sample was then subjected to two types of lipid extraction: 1) extraction using chloroform/methanol (2:1) that contains intact lipids from the sample; 2) extraction using chloroform/methanol (1:2) with a saponification step to remove all the ester lipids from the sample favouring the detection of sphingolipids. LC-MS profiles of lipid extractions and internal standards are available as Supplementary material (Fig S3-S6 ).
First, a preliminary study on total ion current (TIC) class. These classes were defined considering that at 0 and 3 hours mRNA levels of the EMT markers were similar and significantly different to the expression levels observed at 5 and 6 hours. As a result, we observed a clear separation between pre-EMT and post-EMT samples in the positive mode (see Fig S2) suggesting that substantial changes in the lipidomic profile occurred as a consequence of the EMT induction under TNFα treatment. In contrast, the TICs of samples acquired in the negative mode in both extraction 1 and 2 could not be separated in the PLS-DA models, thus these data were not considered for further analysis.
In order to further investigate which specific lipids were altered during the EMT induction process, a deeper analysis of these data was carried out. Only the listed lipids with a VIP score value greater than 1 and a mass error less than 10 ppm (blue highlighted rows) were selected for a further interpretation of lipidomic results.
The most relevant aspect of the results obtained was the increase of twelve different unsaturated triacylglycerides (TAGs) containing from 50 to 58 carbon atoms with foldchanges values ranging from 1.6 to 2.5. Also, a 1.4 fold increase was observed for phosphatidylcholine (40:5) .
Regarding sphingolipid species, an important decrease of 
Confirmation of TAG enhancement in EMT induced DU145 cells
To further explore the increase of TAG observed under TNFα treatment, the behaviour of all the TAGs listed in Table 1 This observation suggested that FASN, which is responsible for the synthesis of new fatty acids and has been found to be highly expressed in prostate cancer 19 , could be involved in the TAG accumulation observed.
To confirm that this rise of TAG was not a specific event of TNF treatment, another widely known EMT inducer cytokine, transforming growth factor-beta (TGF) [20] [21] [22] , was used. DU145 cells were treated with TGF (20ng/ml) for 0, 6, 24 and 48
hours. The induction of EMT was confirmed by the reduction of E-cadherin levels on cell membrane at 6 and 24 hours (see Fig 5a) . Concerning the TAG species listed in Table 1 , for most of them, TGF treatment induced a time-dependent rise in the levels of TAGs with significant fold increases for some of them at 24 hours (Fig. 5b) , which was consistent with the 
Discussion
Lipids contribute to several biological functions in cancer cells. Please do not adjust margins
Please do not adjust margins be an interesting subject of study in cancer progression
research.
An aberrant increase in de novo lipogenesis has been observed in many cancers 29 , including prostate cancer, in which it is significantly associated with tumour progression and worse prognosis 30 . Fatty acid synthase (FASN) which produces palmitate (16:0), has been found to be overexpressed in prostate cancer and to be associated with progression and metastasis 29 . In addition, FASN has been reported to mediate EMT in breast and ovarian cancer cells 31, 32 . In the present study, we also have found a significant increase of FASN under TNF exposure. This FASN overexpression could be related to the increased TAGs levels, since the newly synthesized FAs are rapidly incorporated into neutral-and phospholipid stores. In contrast to normal cells, these FAs have been reported to account for more than 93% of triacylglycerol FAs in tumour 
Conclusions
The untargeted lipidomic analysis performed in this work 
Experimental Chemicals and reagents
TNFα, TGF, cell culture media and reagents were obtained from Sigma. Analytical grade methanol and chloroform were purchased from Merck and Carlo Erba, respectively. HPLC Gradient Grade acetonitrile was from Fischer Chemicals. Lipid standards were obtained from Avanti Polar Lipids.
Cell culture
The human prostate cancer cell line DU145 was purchased from the American Type Culture Collection and maintained in RPMI1640 culture medium supplemented with 10% heatinactivated foetal bovine serum, 100 U/ml penicillin and 100 µg/ml streptomycin at 37°C in a humidified atmosphere containing 5% of CO2. Please do not adjust margins
Please do not adjust margins DAPI and FTIC filters) fitted with a digital camera (Nikon DSRi1).
Quantitative real-time PCR
Total mRNA of DU145 cells was extracted after treatment with TNF for the indicated times (0, 3, 4, 5, 6 hours). Cells were harvested using a rubber scraper into 2 ml of ice-cold PBS.
Cells were centrifuged at 1300 rpm for 3 minutes at 4˚C and cell pellets were washed twice with cold PBS. Total RNA was extracted using the NucleoSpin RNA kit (Macherey-Nagel). RNA quality was checked in an Agilent 2100 Bioanalyzer (Agilent and sonicated until they appeared dispersed. Next, the samples were evaporated under N2 stream and transferred to 1.5 ml eppendorf tubes after addition of 500 µl of methanol.
Samples were evaporated again and resuspended in 150 µl of methanol. The tubes were centrifuged at 10000 rpm for 3 minutes and 130 µl of the supernatants were transferred to UPLC vials for injection. For the extraction 2, sphingolipids were prepared as described 35 . Briefly, 100 µl of deionized water were added to the cell pellets and the suspension was Second, a full scan LC-MS data analysis was performed by using MCR-ALS to detect the specific lipids that presented changes under EMT induction and to evaluate the significance of these changes.
In the second data treatment, the detection of specific lipid changes was done using full scan data matrices of every sample only in the positive ionization mode (negative mode samples were not considered as the samples could not be separated in the exploratory PLS-DA models). Due to huge dimensions of these data matrices (e.g. 612 retention times 
Statistical analysis
Results are expressed as mean ± SD of three independent experiments unless otherwise specified. To check whether the differences observed in qRT-PCR and kinetic experiments were statistically significant, a Welch's t-test was used. MannWhitney U test was used to assess the difference of means between the areas of the identified compounds in the different treatment times. Benjamini-Hochberg procedure has been used to control the false discovery rate.
Software
The software used in this work includes MassLynx 
